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INTRODUCTION 


There has been little work done on the fauna of the Korean tardigrades so far. Marcus (1936), 
in his monograph on Tardigrada, included some specimens of Echiniscus baitus Marcus, 1928 from 
Korea but its localities in Korea were not specified. On the other hand, Ramazzotti (1983), in his 
monograph, recorded North Korea as one of the collection localities of Echiniscus montanus Iharos, 
1982. Except that only two above species of Heterotardigrada were recorded to distribute in Korea 
by the foreign investigators, tardigrades remain stili unknown in Korea, and there are no previous 
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published records on them. For the present taxonomical study on the terrestrial Heterotardigrada 
from Korea, samplings from different sites in South Korea were conducted in 1985-1987. As the result 
of the investigation, ten species of Heterotardigrada were identified and fully described with figures. 
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Fig. 1. A map showing the collection sites. 1, Sérksan; 2, Odaesan; 3, Ponghwa; 4, Woraksan; 5, P’algongsan ; 
6, Yangsan; 7, Shindsan; 8, Chirisan; 9, Chong-up, Chongju; 10, Kongju; 11, Seoul Nat'l Univ; 12, Sõgwip’o; 
13, Taep’o; 14, Hallasan. 
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MATERIALS AND METHODS 


The materials examined in this study consist of the specimens extracted from mosses and lichens 
collected during the period from April 1985 to October 1987. Only the collection sites where were 
taken the moss and lichen samples which proved to contain tardigrades are shown in Fig. 1. About 
19 percent of all samples were positive for Heterotardigrada. The collected moss and lichen can be 
stored for a long period if allowed to dry slowly in a cool and dry place. At the time of examination, 
a small handful of moss should be soaked in tap water for about 2-4 hours in case of naturally moist 
material or up to 24 hours for dry material. This allows the encysted and cryptobiosed individuals 
to recover to the natural state. For the extraction of the organisms from the plant material the samples 
were narcotized by 4% acetic acid or 20% ethanol for about 15 minutes. The samples then were agitated 
to loose any tardigrades from the plant surfaces. Then the plant material was squeezed and removed. 
The remained wash water was swirled and allowed to settle very briefly, and the supernatant was 
decanted. This procedure was repeated one or more times to remove the unnecessary heavier soil 
particles. The wash water then was poured through a fine nylon membrane (45 x in pore diameter). 
The specimens on the membrane were washed by water in a beaker and allowed to settle. The super- 
natant poured off, removed, and the settled specimens were thus obtained usually in an asphyxiated 
condition, which faciliated sorting the organisms. This was transferred to a petridish and sorted at 
X50 magnification. Using a micropipet they were moved to distilled water in order to wash the debris 
on the surface of the animal. The specimens were then fixed in 70% ethanol or 4% neutral formalin, 
and also could be preserved in 70% ethanol. After fixation the tardigrades were mounted on microscopic 
slides, and then the coverslip was sealed. The mounting medium used was ‘‘Liquido di Faure” (Ramaz- 
zotti, 1972) or Hoyer’s type medium. Examination and drawing was conducted at X400 or X1000 
magnification of microscope. The classification system in the present study was based on that follow- 
ed by Ramazzotti (1983). 


SYSTEMATIC ACCOUNT 


Phylum Tardigrada 

Class Heterotardigrada Marcus, 1927 
Order Echiniscoidea Marcus, 1927 
Family Echiniscidae Thulin, 1928 
Genus Echiniscus Schultze, 1840 


1. Echiniscus baius Marcus, 1928 (Fig. 2a) 

Echiniscus baius Marcus, 1928 (pp. 58-59, fig. 62a), 1929 (pp. 327-328, fig. 164), 1936 (pp. 66-67, fig. 75); Ramaz- 
zotti, 1983 (p. 350, fig. 167). 

Echiniscus (Echiniscus) baius: Ramazzotti, 1972 (pp. 264-265, fig. 58). 

Material examined: 17, Ponghwa, Sep. 1, 1987 (H. S. Kim); 22, Yangsan, June 6, July 26, 1987 
(J. H. Park, M. K. Shin, M. O. Song & S. N. Moon); 9, Shindsan, Mar. 31, 1987 (S. N. Moon); 13, 
Chirisan, Sep. 25, 1987 (S. N. Moon); 10, Odaesan, May 14, 1987 (S. N. Moon). 

Remarks: A number of individuals were collected from lichens at various habitats of the above 
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localities. Æ. baius has been reported to distribute in Korea by Marcus (1936), but the collection sites 
were not specified. The present specimens agree closely well with the description of Marcus (1928, 
1929, 1936) and Ramazzotti (1972, 1983) except for some deviation in length of body, the lateral cirri, 
and in color. This species is reported to be about 100 -155y in body length (Ramazzotti, 1983). Our 
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Fig. 2. a, Echiniscus baius; b, E. elegans; c, E. kerguelensis; dl, E montanus; d2, surface pattern of cuticle of 


E. montanus. 
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specimens ranged from 101 -175p with a mean of 143y. Body colored red or orange while reported 
to be only red.Cirrus A, for the average-sized animals, was about 40y, and cirrus E which is shorter 
and thicker than cirrus A was about 25u. These figures are far beyond, nearly twice, those of 20 
(cirrus A) and 14y (cirrus E) in the mentions of the above investigators. Marcus (1936) also observed 
some individuals having dorsal spine Dd of about 6p, but in the present specimens Dd was not found. 
Cirrus E often appears bifurcated by his remarks. Other descriptive features are in accordance with 
those of previous workers: The sculpture is a irregular granulation. Terminal plate with two incisions 
is not facetted. Light transverse bands devoid of granulation on the paired plate I, II were observed. 


2. Echiniscus elegans Richters, 1906 (Fig. 2b) 

Echiniscus elegans: Marcus, 1928 (pp. 49-50, fig. 50), 1929 (pp. 317-318, fig. 151), 1936 (p. 55, fig. 62): Ramazzotti, 
1983 (pp. 382-383, fig. 196). 

Echiniscus (Echiniscus) elegans: Ramazzotti, 1972 (pp. 286-287, fig. 82). 

Material examined: 31, Odaesan, May 14, 1987 (S. N. Moon); 6, Chirisan, Sep. 25, 1987 (S. N. 
Moon); 3, Kongju, July 5, 1987 (C. Y. Chang). 

Remarks: E. elegans is easy to recognize by the sculpture characterized by its reticulate pattern 
consisting of points densely distributed, connected by short bands. The specimens were collected 
from lichens together with Echiniscus montanus, E. baius, E. kerguelensis, Pseudechiniscus suillus and 
Milnesium tardigradum. This species is reported to be up to 192p. In our specimens, most of them 
were about 160 -180y; the smallest 87p, the largest 211. Body colored orange. Red eyespots were 
round or oblong, not always uniform in an individual: right was round, left oblong, or vice versa. Cir- 
rus A, the only lateral appendages, measured about 80y on the average-sized animals. The features 
of terminal plate which has two light incisions and the absence of dentate collar on the fourth pair 
of legs coincide with the description of Marcus (1936) and Ramazzotti (1983). This species is new 
to Korea. 


3. Echiniscus kerguelensis Richters, 1904 (Fig. 2c) 

Echiniscus murrayanus Marcus, 1928 (p. 51, fig. 54). 

Pseudechiniscus kerguelensis: Marcus, 1928 (p. 108). 

Echiniscus kerguelensis: Marcus, 1929 (pp. 320-321, fig. 156); Beasley, 1972 (p. 23, fig. 1); Ramazzotti, 1983 
(pp. 393-394, fig. 206). 

Echiniscus (Echiniscus) kerguelensis: Ramazzotti, 1972 (pp. 297-298, fig. 92); Morgan and King, 1976 (p. 57, 
fig. 28). 

Material examined: 28, Chirisan, Sep. 25, 1987 (S. N. Moon). 

Remarks: The color of this species was reported to be only red by Marcus (1929) and Ramazzotti 
(1972, 1983), while there are some reports that those of orange-red, pale orange (Morgan & King, 
1976), or pale yellow (Beasley, 1972) were also found. The present specimens were all pale yellow. 
The body length of this species is reported up to 270p, with cirrus A about 50 -80y in length (Ramaz- 
zotti, 1983). In our specimens, most of them were about 150-160 with a mean of 158yu: the smallest 
120y, the largest 168. Cirrus A measured about 41-60y. The range of the length variation of the 
cirrus A in similar size of animals was relatively wide (up to 10) in the specimens examined. Clear 
transverse bands on the paired plates were not always observed. This species is new to Korea, and 
was found in lichens with Echiniscus elegans. 
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4. Echiniscus montanus \haros, 1982 (Fig. 2d1, d2) 

Echiniscus montanus: Ramazzotti, 1983 (pp. 956-957, fig. 564). 

Material examined: 5, Hallasan, Sep. 29, 1986 (K. B. Kwak & M. O. Song); 2, Sdgwip’o, Aug. 
14, 1985 (S. N. Moon); 7, Odaesan, May 14, 1987 (S. N. Moon). 

Description: Most specimens about 140y; the smallest 106p, the largest 150p. Body colored orange. 
Red eyespots. Sculpture consisting of polygonal pores distinctly largest on scapular and terminal plates. 
Paired plates and the second median plate heavily textured caudally, delicate rostrally. Smooth 
transverse bands on the paired plates present. Third median plate absent. Terminal plate possesses 
two incisions, and often facetted. Besides of cirrus A, lateral appendages C, D, and dorsal appendage 
Dd, all filamentous, present. Cirrus B absent. For the average-sized animals, cirrus A, 31-33; C, 26-28; 
D, 23-25y; E, 28-30u; Dd, 27-29y. Each of the fourth pair of legs has dentate collar. 

Remarks: This species was found in lichens collected from the above sites, and recorded to be 
also collected from North Korea (Ramazzotti, 1983). From one habitat samples of Hallasan, they were 
found with Hypsibius oberhaeuseri. Of the specimens examined, five individuals with facetted terminal 
plates were found, while this species was described not to be facettied in its terminal plate (Ramaz- 
zotti, 1983). 


5. Echiniscus perviridis Ramazzotti, 1959 (Fig. 3a) 

Echiniscus (Echiniscus) perviridis: Ramazzotti, 1972 (pp. 329-330, fig. 123). 

Echiniscus perviridis: 1983 (pp. 434-436, fig. 240). 

Material examined: 2, Taep’o (Cheju I.), Aug. 13-14, 1985 (S. N. Moon); 5, Hallasan, Aug. 14, 
1985 (S. N. Moon); 1, Seoul Nat’l Univ., June 9, 1986 (S. N. Moon); 1, Séraksan, Aug. 29, 1986 (M. 
O. Song & G. S. Min); 3, Sdgwip’o, Feb. 11, 1987 (S. N. Moon). 

Description: Most specimens about 220-250y; the smallest 158y, the largest 270p. Body colored green, 
often appears very dark green near to black in the edges of the sculptures. Sculptures consisting of 
a prominent large granules each of which is a collection of very small granules seen at a higher focus- 
ing. Granulation appears larger and colored darker on the scapular, terminal, first median and caudal 
half of the paired plate I, II and the second median plate; small and lighter colored on the rostral 
half of the paired plate I, II and the second median plate. The texture situated more deeply can only 
be seen at a high magnification. Light median transverse bands on the paired plates present. Third 
median plate not delimitated laterally. Terminal plate possesses two incisions, but not facetted. Cir- 
rus A characteristically very long (about 145p on an individual of 265p). Other lateral and dorsal ap- 
pendages all absent. A papillus and dentate collar with delicate granulation present on each of the 
fourth pair of legs. 

Remarks: This species is new to Korea, and was found both in moss and lichen. 


6. Echiniscus reticulatus J. Murray, 1905 (Fig. 3b) 
Echiniscus reticulatus J. Murray, 1905 (p. 684, P1, I, figs 4a-4c); Marcus, 1928 (p. 50, fig. 51), 1929 (p. 318, 
fig. 153), 1936 (pp. 55-56, fig. 63); Cuénot, 1932 (p. 41); Ramazzotti, 1983 (pp. 449-450, fig. 252). 
Echiniscus (Echiniscus) reticulatus: Ramazzotti, 1972 (pp. 342-343, fig. 135); Morgan and King, 1976 (p. 64, fig. 35). 
Material examined: 5, Ponghwa, Sep. 1, 1987 (H. S. Kim); 11, Chirisan, Sep. 25, 1987 (S. N. Moon). 
Remarks: E. reticulatus is well characterized by the sculpture consisting of regular hexagons or 
circles with slightly raised margins, thus appearing as a reticular pattern. Body length ranged from 
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Fig. 3. a, Echiniscus perviridis, b, E. reticulatus; c, E. spiniger; d, E. spinulosus. 


125-273y, but most specimens were about 220-250. E. reticulatus was found in lichens together with 
Echiniscus baius, E. spinulosus, Pseudechiniscus suillus, P. facettalis, Milnesium tardigradum, and also 
reported to be found in submerged moss. This.species is new to Korea. 
7. Echinscus spiniger Richters, 1904 (Fig. 3c) 

Echinscus spiniger: Marcus, 1928 (pp. 60-61, fig. 67), 1929 (p. 331, fig. 169), 1936 (p. 70, fig. 81); Argue, 1972 
(pp. 87-88, figs. 1-3); Ramazzotti, 1983 (pp. 460-461, fig. 262). 

Echiniscus (Echiniscus) spiniger: Ramazzotti, 1972 (pp. 354-355, fig. 146). 

Material examined: 14, Hallasan, Feb. 11, 1987 (S. N. Moon). 

Description: Most specimens about 167p with a mean of 163; the smallest 154p, the largest 170p. 


54 Korean J. Syst. Zool. 4(1), June 1, 1988 


Body colored orange. Sculpture consisting of a fine granulation, especially marked larger on scapular 
and terminal plates. Paired plate I, II, and the second median plate heavily marked caudally, delicate 
rostrally. Often light transverse bands devoid of granulation on the paired plates present. Third me- 
dian plate absent. Terminal plate possesses two incisions. Cirrus A measured about 33y on an in- 
dividual of 167p long. Spines present at lateral positions B, C, D, E, and dorsal positions Cd and Dd. 
Of the specimens examined, five lacked an appendages at position B, and one lacked both Cd and 
Dd. For the average-sized animals, the lengths of spines are: B, 10-12y; C and D, 20-22u; E, 19-24y; 
Cd, 3-6u; Dd, 13-154. Appendage E, shorter than A, spinous, while A always filamentous. 
Remarks: This species resembles E. spinulosus in plate markings and the presence of lateral ap- 
pendages B, C, D, E, and dorsal appendages Cd and Dd, but in E. spinulosus the lateral appendages 
are smaller and shorter than dorsal appendages while they are longer than dorsal one in E. spiniger. 
` Both species have some length variation in the appendages of Cd and Dd. The specimens were found 
in lichen on the bark of trees with Hypsibius oberhaeuseri. This species is new to Korea. 


8. Echiniscus spinulosus (Doyére, 1940) (Fig. 3d) 

Emydium spinulosum Doyére, 1840 (cited from Marcus, 1928) 

Echiniscus spinulosus: Marcus, 1928 (p. 60, fig. 66), 1929 (p. 330, fig. 168), 1936 (pp. 69-70, fig. 80); Cuénot, 
1932 (pp. 41-42, fig. 22); Ramazzotti, 1983 (pp. 462-463, fig. 264). 

Echiniscus (Echiniscus) spinulosus. Ramazzotti, 1972 (pp. 356-357, fig. 148); Morgan and King, 1976 (p. 65, 
fig. 36). 

Material examined: 48, Yangsan, June 6, July 26, 1987 (J. H. Park, M. K. Shin, M. O. Song & 
S. N. Moon); 25, Shindsan, Mar. 31, 1987 (S. N. Moon). 

Description: Most specimens about 240-260 with a mean of 214y; the smallest 110p, the largest 
293yu. Body colored orange or red. Sculpture consisting of a fine to coarse, irregular granulation which 
is usually absent from the caudal margin of cephalic plate. Transverse bands devoid of granulation 
clearly observed. Third median plate absent. Terminal plate has incisions and often facetted (about 
30% of the individuals examined had facetted terminal plates). Very short spines found at positions 
of B (often absent), C, D, E. It is reported that appendages C, D, or E may be absent (Ramazzotti, 
1983), while our samples all had of the appendages. Short dorsal appendages Cd and Dd present, 
the lengths of which are somewhat variable. For the average-sized animals, cirrus A was about 45y; 
Cd, 15y; Dd, 10u. Of the specimens examined, one lacked right Cd, and possessed bifurcated left 
Cd. The first pair of legs with a small spine and the fourth pair with a papillus and dentate collar. 

Remarks: A number of individuals were found in lichens. They were present together with 
Echiniscus baius, Pseudechiniscus suillus, P. facettalis and Milnesium tardigradum. Some length varia- 
tion of A, Cd, Dd and E (up to 2p) was found. This species is new to Korea. 


Genus Pseudechiniscus Thulin, 1911 


9. Pseudechiniscus facettalis Petersen, 1951 (Fig. 4a) 

Pseudechiniscus suillus forma facettalis Petersen, 1951 (pp. 44-46, fig. 10); Schuster, 1971 (p. 216, fig. 10); Ramaz- 
zotti, 1972 (pp. 656-657, fig. 446). 

Pseudechiniscus pseudoconifer forma facettalis Maucci, 1954 (cited from Ramazzotti, 1983). 

Pseudechiniscus facettalis: Ramazzotti, 1983 (p. 871, fig. 584). 

Material examined: 15, Ponghwa, Sep. 1, 1987 (H. S. Kim); 5, P’algongsan, Aug. 19, 1987 (M. 
O. Song); 5, Chirisan, Sep. 25, 1987 (S. N. Moon); 16, Yangsan, June 6, 1987 (J. H. Park, M. K. Shin, 
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Fig. 4. a, Pseudechiniscus facettalis; b, P. suillus. 


M. O. Song & S. N. Moon). 

Description: Most specimens about 145y with a mean of 138p; the smallest 115p, the largest 168p. 
Body colored orange or red. Long, slender bodies with black and oblong eyespots. Sculpture con- 
sisting of a regular, fine granulation marked larger on the scapular plate, paired plate I, II, 
pseudosegmental and terminal plate. Paired plates and the pseudosegmental plate may be divided 
by a sculptureless stripe in the median line, but not always distinct. Shoulder plate has transversal 
and longitudinal folds. Distinctly facetted frontal plate and terminal plate. Paired plates often has 
facetting. Terminal plate has two incisions. Cirrus A about 25p long in average-sized animals. Other 
lateral and dorsal appendages absent. 

Remarks: The chief distinction of this species from Pseudechiniscus suillus is the facetting on the 
sculptures, and the facetting may be blurred if the animal is squeezed by the cover glass. This species 
is new to Korea, and was found abundant in lichen together with Echiniscus reticulatus, E. baius, E. 


spinulosus, Pseudechiniscus suillus and Milnesium tardigradum. 


10. Pseudechiniscus suillus (Ehrenberg, 1853) (Fig. 4b) 

Echiniscus suillus: Murray. 1911 (pp. 90-91). 

Echiniscus mutablis Murray, 1905 (p. 683, P1. I, Figs. 2a-2d), 1906 (p. 27), 1907 (p. 269). 

Pseudechiniscus suillus: Murray, 1913 (p. 138); Marcus, 1928 (pp. 107-109, fig. 123), 1929 (pp. 338-390, fig. 
230b), 1936 (pp. 129-132, fig. 142); Cuénot, 1932 (pp. 38-39, fig. 20); Argue, 1971 (p. 405, fig. 4); Ramazzotti, 
1972 (pp. 654-656, fig. 445), 1983 (pp. 894-896, fig. 605); Morgan and King, 1976 (p. 52, fig. 23); Morgan, 1976 
(p. 624 p. 626). 

Material examined: 2, Hallasan, Sep. 29, 1986 (K. B. Kwak & M. O. Song); Woraksan, June 
8, 1986 (S. N. Moon); 1, Chéng-up, July 23, 1986 (M. K. Shin); 16, Odaesan, May 14, 1987 (S. N. 
Moon); 10, Yangsan, June 6, July 26, 1987 (J. H. Park, M. K. Shin, M. O. Song & S. N. Moon); 12, 
Chirisan, Sep. 25, 1987 (S. N. Moon). 

Description: Specimens about 101-205 with a mean of 142y. Body colored orange to red. Black 
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eyespots slightly oblong. Cuticular plates finely sculptured with a covering of fine granulation, exten- 
ding to the interplate regions. Legs are slender with a small patch of fine granulation on the superior 
basal portion of each. The pseudosegmental plate situated anterior to the terminal plate has a median 
longitudinal band devoid of granulation. This band also occurring on the first and the second paired 
plates. Delineation of all the plates often very indistinct. Terminal plate has two incisions, but not 
facetted. Cirrus A was about 26-30p for the average-sized animals. Other lateral or dorsal appendages 
absent. 

Remarks: P. suillus was found both in moss and lichen, and present mostly with Echiniscus baius 
and Pseudechiniscus facettalis. This species is new to Korea. 


ABSTRACT 


Ten species of terrestrial Heterotardigrada found in Korea are described, of 
which Echiniscus baius and E. montanus are known species, and Echiniscus batus, E. 
elegans, E. kerguelensis, E. perviridis, E. reticulatus, E. spiniger, E. spinulosus, 
Pseudechiniscus facettalis and P. suillus are new to Korea. 
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